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Description 

This invention relates to mounting enclosures 
for disc drive computer memory devices. 

Disc drive memory devices usually have a stor- 
age medium and a read/write head to read from or 
write on the storage medium. The storage medium 
may be in the form of a disc or drum and may be 
rotationally driven at high speeds. The read/write 
head must write or read data to or from the me- 
dium at a particular position on the medium. Also, 
in some disc drive devices the read/write head is 
spaced closely to the medium, which may be rotat- 
ing at a high speed. In such devices, contact 
between the head and the medium can destroy the 
head and the medium and result in the perpetual 
loss of the information stored on the medium. 

Factory automation requires the presence of 
disc drive memory devices in industrial environ- 
ments. Vibrations and shock abound in industrial 
environments which can result in the destruction of 
the head, the medium and the loss of the informa- 
tion on the medium. It can also cause read/write 
errors which result in the malfunction of machines 
controlled by the information from the disc drive. 
Also, the air can be less than pure and also may 
be too hot, too cold or too humid for the disc drive 
to operate. For the reliable and efficient operation 
of disc drives in industrial environments, a need 
exists for an enclosure for a disc drive to shelter 
the disc drive from the exterior environment. 

Great Britain Patent No. 2,025,144 discloses an 
electronic circuit board enclosure in which air is 
circulated through a refrigeration module to cool 
the printed circuit boards in response to a sensed 
temperature in the enclosure. IBM Technical Dis- 
closure Bulletin, vol. 19, no. 10, March 1977, pages 
3848, 3849 by W.P. Bakken et al. entitled "Low- 
Cost, Rack-Mounted, Direct-Access Disk Storage 
Device" discloses a disk storage device intended 
for application with rack mounted computer sys- 
tems in which a disk drive is mounted to a vertical 
partition through vibration isolators and fans are 
provided in the unit for cooling the disk drive. 
However, neither of these references discloses an 
environmentally controlled disk drive isolation sys- 
tem as claimed herein. 

The invention provides a disc drive isolation 
system for protecting a disc drive in an industrial 
environment. A disc drive isolation system of the 
invention includes an environment control enclo- 
sure and a disc drive isolation module. The disc 
drive is mounted within the module and is seques- 
tered therein from vibrations and shocks applied to 
the exterior of the module and the module is re- 
ceived within the interior of the enclosure. A heat 
pump including a solid state thermo-electric ele- 
ment is mounted to the enclosure for cooling the 



interior of the enclosure in and around the disc 
drive. First temperature sensing means are moun- 
ted to the disc drive to control the heat pump and 
second temperature sensing means are mounted to 
s the disc drive to control the disc drive. Humidity 
sensing means within the enclosure control the 
heat pump in response to the sensed humidity of 
the interior air. Highly reliable operation of the disc 
drive is thus assured as it does not depend upon 
io the temperature, humidity, or cleanliness of the 
industrial environment in which it is used. 

It is therefore a primary object of the invention 
to provide a disc drive isolation system which en- 
ables a disc drive to operate in an industrial envi- 
75 ronment 

It is another object of the invention to provide a 
disc drive isolation system to eliminate temperature 
and humidity variables to which a disc drive is 
subjected in an individual environment. 
20 It is another object of the invention to provide a 
disc drive isolation system which results in the 
highly reliable operation of a disc drive in the 
industrial environment. 

The invention will become clear from the fol- 
25 lowing detailed description and from the drawings. 

Fig. 1 is a front perspective view of a disc drive 

isolation system of the invention; 

Fig. 2 is a perspective view of the system of 

Fig. 1 as viewed from the rear; 
30 Fig. 3 is a perspective view similar to Fig. 1 with 

the door of the system removed; 

Fig. 4 is a fragmentary front plan view of the 

system with the door removed; 

Fig. 5 is a side plan view partially in section of 
35 the disc drive isolation system; 

Fig. 6 is a perspective view of a disc drive 

isolation module for the disc drive isolation sys- 
tem; 

Rg. 7 is a front plan view partially in section of 
40 the disc drive isolation module of Fig. 6 illustrat- 
ing a front pair of pads in phantom; 
Fig. 8 is an exploded perspective view of a 
portion of the disc drive isolation module of Fig. 
6; 

45 Rg. 9 is a plan view of a plate used to make the 
disc drive isolation module of Fig. 6; 
Rg. 10 is a side plan view of the plate of Rg. 9; 
Fig. 11 is a sectional view taken along the plane 
of the line 11-11 of Rg. 9; 

so Fig. 12 is a graph comparing the results of 
testing a disc drive alone and testing it within 
the disc drive isolation module of Fig. 6; 
Fig. 13 is a sectional view of a means for 
mounting a heat pump to an enclosure of the 

55 disc drive isolation system; 

Fig. 14 is a control circuit for the heating and 
cooling means for the disc drive isolation sys- 
tem; and 
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Fig. 15 is a schematic view of a control circuit 
for the disc drive isolation system to control the 
disc drive. 

Figs. 1 and 2 illustrate a disc drive isolation 
system 8 which includes an enclosure 10. The 
exterior of the enclosure 10 is formed by a sheet 
metal chassis 12 along the top, bottom, sides and 
rear, a heat pump 14 at the upper rear corner, and 
a rigid sheet metal door 1 6 which is secured to the 
front. Data cables 18 and 19 and a power cable 20 
enter the bottom of the enclosure. The chassis 12 
has flanges 22 for mounting the enclosure to a wall 
or in a control rack. An optional faceplate 23, Fig. 
5, may be provided over the door for decorative or 
informational purposes and it may also be desir- 
able to provide a bank of indicator lights 24 at the 
front of the enclosure. 

Fig. 3 illustrates the enclosure 10 with the door 
16 removed. A thermal insulation material 26, such 
as that sold under the trade designation Dow 
Ethafoam 220, lines the inside of the chassis 12 
and of the door 16 (Fig. 5), A baffle plate 27 spans 
the upper portion of the chassis and is mounted 
with fasteners 28 to the side walls and top of the 
chassis 12. A pair of terminal blocks 29 and 30, a 
fan 31 and a humidistat 33 are mounted on the 
baffle plate 27. These devices are connected, 
along with others, in an environment control circuit 
which will be further described below. 

The lower portion of the chassis 12 forms a 
cavity 34 in which is disposed a disc drive isolation 
module 36 which, together with the enclosure 10, 
makes up the isolation system 8. Referring particu- 
larly to Figs. 4 and 5, the disc drive isolation 
module 36 is wedged between the foam insulation 
26 in the cavity 34 to keep it stationary relative to 
the enclosure 10. However, the module 36 need 
not be wedged in the cavity in operation. In fact, as 
will become apparent below, the disc drive isolation 
module 36 performs its function of protecting the 
disc drive from shocks and vibrations whether it is 
mounted in the enclosure 1 0 or not. 

Figs. 6 and 7 show the disc drive isolation 
module 36 removed from the enclosure 10. The 
module 36 is of generally hexahedron shape and 
includes an outer body 38 which defines an inner 
space in which an inner body 40 is mounted. A 
disc drive 41 is mounted within the inner body 40 
by being bolted or otherwise rigidly secured to a 
tray 42 which spans the interior of the inner body 
and which is fastened to the sides of the inner 
body. The disc drive therefore is subjected to the 
same shocks and vibrations that the inner body 40 
experiences. Preferably, the center of gravity of the 
disc drive 41 is as close as possible to the center 
of the inner body 40. 

The inner body 40 is mounted approximately 
concentric with the outer body 38 so that it is out 



of direct contact with the outer body 38 and is 
isolated from the vibrations and shocks to which 
the outer body 38 is subjected. The inner body 40 
has six degrees of freedom within the outer body 

5 38, three translation^ degrees of freedom in or- 
thogonal directions and three rotational degrees of 
freedom about orthogonal axes, so that it can rotate 
or translate in any direction. This mounting is 
achieved in the preferred embodiment by suspend- 

70 ing the inner body 40 from the top of the outer 
body 38 with a biasing means and supporting it 
from the bottom with another biasing means. The 
top biasing means is a pair of conical springs 43 
and the bottom biasing means is another pair of 

75 conical springs 44. Since the top springs 43 are in 
tension and the bottom springs 44 are in compres- 
sion, the springs 43 and 44 are different from one 
another, being chosen to center the inner body 
within the outer body as closely as practical. Since 

20 the springs 43 and 44 are conical, they have non- 
linear stiffness characteristics to provide good dy- 
namic vibration characteristics over a broad range 
of frequencies. Also, the conical configuration is 
more stable radially than a cylindrical spring. 

25 The springs 43 and 44 are arranged so that 

they are diagonally opposed from top to bottom. 
That is, as viewed in Fig. 7, the top springs are 
positioned at the right front and at the left rear 
corners and the bottom springs are positioned at 

30 the left front and at the right rear corners. This 
diagonally opposed from top to bottom arrange- 
ment is also illustrated in Fig. 8. Since the inner 
body is symmetrical, this arrangement results in 
the inner body being properly oriented within the 

35 outer body with only four springs, it also reduces 
"bobbing" of the inner body 40 within the outer 
body 38 which can occur with other spring arrange- 
ments, such as if all four springs were on the top 
or bottom. 

40 While the springs 43 and 44 function to isolate 
the inner body 40 from vibration and low level 
shock, dampening means are provided between 
the outer and inner bodies to absorb higher level 
shocks. The dampening means in the preferred 

45 embodiment is a pair of wedding cake-shaped 
foam pads 46 adhesively or otherwise mounted on 
the inside of each of the horizontal or vertical sides 
of the outer body (a total of 12 pads). The varying 
cross-sectional shape of the pads imparts non- 

so linear force/compression characteristics to the pads 
so that they become progressively stiffer as they 
are compressed to resist direct contact between 
the inner and outer bodies for large shocks and yet 
provide a gradual dampening for smaller shocks. 

55 The material of the dampening means 46 has a 
relatively long response time, so that it is a good 
dampener for infrequent shocks. A material found 
suitable in practice is sold under the trade designa- 
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tion Material No. C-3001-25 PSA by Cabot Cor- 
poration, E.A.R. Division, Indianapolis, Indiana. Us- 
ing this material, the response time of the dampen- 
ing means from near full compression is about two 
minutes. 

Each pad 46 in the preferred embodiment ter- 
minates short of spanning the inner and outer bod- 
ies by about 6.35 mm (0.25 in.). Like the springs 
43 and 44, each pair of pads 46 is diagonally 
opposed from the opposite pair of pads. This pro- 
vides sufficient high level shock protection with a 
minimum number of pads. 

The spacing between the ends of the pads 46 
and the inner body 40 is important. The spacing 
permits a sufficient displacement of the inner body 
40 within the outer body 38 as the outer body 38 is 
subjected to relatively high amplitude, low frequen- 
cy vibration to bring the acceleration forces to 
which the inner body 38 is subjected down to 
acceptable levels. This high amplitude, low fre- 
quency vibration is common in industrial environ- 
ments and is not acceptable for the operation of 
many disc drives. The spacing between the ends 
of the pads 46 and the inner body 40 should be at 
least .89 mm (.035 in.) to allow a sufficient dis- 
placement to isolate the disc drive from this type of 
vibration. 

It is also important that the inner body be 
symmetrical. This not only helps center and orient 
the inner body 40 within the outer body 38 as 
mentioned above, but it also equalizes inertia! mo- 
ments about the rotational axes to which the mod- 
ule is subjected. 

The outer and inner bodies 38 and 40 are of 
generally the same hexahedron shape, with the 
inner body 40 being smaller than the outer body 
38. The construction of the outer and inner bodies 
38 and 40 in the preferred embodiment is particu- 
larly advantageous because it can be easily and 
inexpensively provided. This is because both the 
outer body 38 and the inner body 40 are each 
made up of six identical plates 49, one of which is 
shown in Figs. 9 and 10. 

Each plate 49 is preferably stamped from 
sheet aluminum. The plate 49 has a flat rectangular 
inner portion 50 and two pairs of ears 51, each pair 
being opposite from the other, and two pairs of 
ears 53, with each pair being opposite from the 
other. The ears 51 and 53 are symmetrically dis- 
posed along the edges of the rectangular portion 
50 and are all formed in the same direction at 
about a 45* angle to the rectangular portion 50. 
The only difference between the ears 51 and the 
ears 53 is that each ear 51 is provided with inner 
55 and outer 56 holes which are round, and each 
ear 53 is provided with inner 59 and outer 60 holes 
which are oblong. The centers of the holes in each 
ear are along a line which extends through the 



centers of the holes in the opposite ear. 

Referring to Figs. 6, 7 and 8, six plates 49 are 
assembled to provide either the inner body 40 or 
the outer body 38 with the ears 53 always overlap- 

5 ping the ears 51. Therefore, the oblong holes 59 
and 60 are always on the outside, and the round 
holes 55 and 56 are always on the inside. When all 
of the panels are assembled together, fasteners 62 
are inserted through one of the oblong holes and 

10 screwed into one of the round holes of each re- 
spective ear 53 and 51 to secure the plates 49 
together. If the smaller inner body 40 is being 
assembled, the fasteners are inserted through the 
oblong hole 59 and screwed into the round hole 55 

15 of each respective ear 53 and 51 . If the larger outer 
body 38 is being assembled, the oblong hole 60 
and the round hole 56 of each respective ear 53 
and 51 are used. 

Each plate 49 is stamped to provide means for 

20 mounting the springs 43 and 44 to the inner and 
outer bodies 40 and 38, respectively. Four tabs 63 
. are formed in a circular pattern in diagonally op- 
posite corners of the rectangular portion 50. Refer- 
ring to Fig. 11, each tab 63 forms a space 64 

25 between itself and the inner surface of the plate 49. 
A hole 65 is formed concentric with the circular 
pattern of the tabs 63. Smaller holes 67 are formed 
at the other two corners of a rectangular pattern 
defined by the holes 65 and 67 and four holes 68 

30 are formed intermediate the holes 65 and 67. 

Referring to Figs. 4, 5 and 7, two of the holes 
68 in each of the plates 49 on the left and right 
sides of the inner body 40 are used to mount the 
disc drive supporting tray 42 with fasteners 69. 

35 With the inner body completely assembled, the 
springs 43 and. 44 are loosely assembled to the top 
and bottom plates 49, respectively, by inserting a 
fastener with a suitably large head through the 
small end of the spring and screwing the fastener 

40 into one of the holes 67. An annular PVC pad 72 is 
preferably placed between the small end of each 
spring 43 and 44 and the respective top or bottom 
plate 49 to reduce friction between the end of the 
spring and the plate. 

45 The inner body 40 with the springs 42 and 43 
loosely attached is then placed inside the outer 
body 38, which, of course, must be done before 
the outer body is completely assembled. The inner 
body 40 is placed within the outer body 38 with the 

so large end of the springs 42 and 43 adjacent to the 
tabs 63. The assembly of the outer body 38 is then 
completed. Since the springs are only loosely at- 
tached to the inner body, each spring can be 
rotated to thread its leading coil through the spaces 

55 64 to be captured by the tabs 63. A PVC pad 71 to 
reduce friction is also preferably placed between 
the large end of each spring and the outer body. A 
screw driver is then inserted through the holes 65 
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to tighten the fasteners against the small ends of 
the springs. 

Tests were performed subjecting the module 
36 to shock and vibration loads. The disc drive 41 
tested with the module 36 was a 51.9 M byte 
Winchester technology head disc assembly. The 
disc drive tested had a housing which enclosed a 
read/write mechanism. The sensor was secured 
directly to the read/write mechanism for each test. 
The plates 49 used were made from about 1 .5 mm 
(.060 inch) thick aluminum and were about 22.5 cm 
(8.9 inches) square. The top springs 43 were made 
from 1.777 mm (.070 inch) diameter music wire 
with a 2.386 mm (.094 inch) pitch and an overall 
length of 19.036 mm (.750 inch). The bottom 
springs 44 were made from 2.030 mm (.080 inch) 
diameter music wire with a pitch of 4.365 mm (.172 
inch) and an overall length of 34.898 mm (1.375 
inches). Both springs had eight coils with the small 
end coil ground flat and the coil diameter ranging 
from 7.208 mm (.284 inch) to 45.051 mm (1.775 
inches) in increments of 5.406 mm (.213 inch). 

To test the disc drive alone, the housing of the 
disc drive was bolted to a vibration table to be 
vibrated along an axis parallel to the width of the 
disc drive (from left to right as viewed in Fig. 4). 
The vibration input to the housing was .152 mm 
(.006 inch) peak to peak amplitude from 5 to 40 Hz 
and 0.5 G from 40-2000 Hz. Tracing A in Fig. 12 
illustrates the results. Tracing A shows that the 
read/write mechanism resonates at about 30 Hz, 
with an amplitude of about .761 mm (.030 inch) and 
an acceleration of about 1.5 G. Also note that since 
most electric motors run at 3600 rpm, which is a 
multiple of 30 Hz, 30 Hz is a fairly common fre- 
quency in industrial environments. 

Tracing B shows the results of mounting the 
disc drive in the isolation module 36 and bolting 
the outer body 38 to the vibration table. The test 
was conducted for the same input amplitude as 
above from 5-40 Hz but the input was doubled to 
1.0 G from 40-2000 Hz. The resonance at 30 Hz 
was completely eliminated and, even though the 
input from 40-2000 Hz was doubled, there were no 
objectionable vibrations experienced by the 
read/write mechanism. 

The module was also tested for high level 
shock isolation. Again, the disc drive was tested 
alone and then mounted in the module to compare 
the results. A 15 G input applied over a period of 
11 msec was applied along a direction parallel to 
the width of the disc drive. For the input applied 
directly to the disc drive housing, a sensor moun- 
ted on the read/write mechanism indicated an ac- 
celeration of about 80-100 G. When the disc drive 
was mounted in the module 36 and the input was 
applied to the outer body 38, this 80-100 G was 
reduced to about 2-3 G. Note that allowing a dis- 



placement of the inner body of at least .89 mm 
(.035 in.) enables the input to exceed 15 G if 
applied over 1 1 msec or longer. 

As indicated by these results, the disc drive 

5 isolation module 36 dramatically attenuates the 
shocks and vibrations to which a disc drive within it 
is subjected. In an industrial environment, the at- 
tenuation afforded by the module can mean the 
difference between catastrophic destruction of the 

70 disc drive or read/write errors and a smoothly run- 
ning automated machine or assembly line. 

The module 36 is a unit and as such performs 
its function whether or not it is mounted in the 
enclosure 10. The module 36 is mounted in the 

is enclosure 10 for reasons apart from isolating the 
disc drive from external shocks and vibrations. A 
factory may be too hot. too cold, too dirty or too 
humid for the proper operation of the disc drive. 
The enclosure 10 therefore provides a controlled 

20 temperature and humidity chamber for the disc 
drive to operate in. 

The heat pump 14 and a pair of temperature 
sensors TS-1 and TS-2, mounted to the left side of 
the disc drive housing as shown in Fig. 4, make up 

25 part of the means for controlling the temperature 
inside the enclosure 10. The heat pump 14 of the 
preferred embodiment includes a thermo-electric 
element 73 commercially available from Thermo- 
Electric Cooling America Company, Chicago, II- 

30 linois, under the trade designation Model No. AHP 
1000. The thermo-electric element 73 is a solid 
state active heat exchanger having no moving parts 
so that the temperature control system of the en- 
closure 10 is extremely reliable. The thermo-elec- 

35 trie element 73 also makes the heat pump 14 
simple to incorporate into the system 8, easy to 
mount and of low weight. 

Referring to Fig. 5, the heat pump 14 has an 
upper and a lower flange 75. Three threaded studs 

40 76 are welded to and are spaced along each flange 
75 for securing the heat pump 14 to the chassis 
12. A fastening arrangement as shown in Fig. 13 is 
preferred to reduce the transmission of vibrations 
from the heat pump 14 to the chassis 12 and to 

45 seal the interior of the chassis 12 from the leakage 
of air around the studs 76. A washer 77, a neo- 
prene gasket 78, a flange 79 of a sleeve 80 made 
from a vibration absorbing material, and another 
neoprene gasket 81 are sandwiched between the 

so flange 75 and the chassis 12 around each stud 76. 

The sleeve 80 and stud 76 extend through a 
hole in the chassis, with a smooth metal sleeve 83 
threaded onto the stud 76 to prevent wear of the 
sleeve 80 by the threads of the stud. An annular 

55 element 84 of vibration absorbing material sur- 
rounds the sleeve 80, a neoprene gasket 85 abuts 
the end of the sleeve 80 and closely surrounds the 
. sleeve 83, and a washer 86 abuts the end of the 
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sleeve 83 and surrounds each stud 76 on the 
inside of the chassis 12. A nut 88 is threaded onto 
the end of each stud to clamp the sleeve 83 
between the washer 86 and the flange 75 with the 
sleeve 80 and element 84 in compression. A 
sleeve 80 and element 84 found suitable in prac- 
tice is commercially available from Cabot Corpora- 
tion, EAR. Division, Indianapolis, Indiana and is 
made from material designated C-1100 by Cabot 
Corporation. 

Referring again to Rg. 5, the thermo-electric 
element 73 has a cold side 90 having heat transfer 
fins 91 inside the enclosure 10 and a hot side 93 
having heat transfer fins 94 outside the enclosure 
10. The cold side 90 extends through an opening 
in the chassis 12 which is slightly larger than the 
cold side and a neoprene gasket 97 surrounds the 
thermo-electric element 73 between the chassis 12 
and the hot side 93 to prevent air leakage around 
the sides of the element 73. Heat absorbed at the 
cold side 90 is pumped to the hot side 93 at a rate 
proportional to the current passing through the ele- 
ment 73. In addition to the thermo-electric element 
73, the heat pump 14 may include a fan 98 behind 
grates 99 (Rg. 2) which blows relatively cool am- 
bient air over the hot side fins 94 to expel the heat 
to the environment Slots 100 (Rgs. 1-3) are 
formed in the side walls of the chassis 12 adjacent 
to the ends of the fins 94 to allow for the exit of 
warmed air from the fins 94. 

The fan 31 blows air into the space behind the 
baffle plate 27 onto the cold side fins 91. The fins 
91 are not as long as the interior of the enclosure 
10 is wide so that cooled air can escape past the 
ends of the fins 91 and flow down into the cavity 
34. The construction of the module 36 is open, that 
is, the ears 51 and 53 form open spaces between 
them. The cool air circulates through the open 
spaces into the interior of the inner body 40 to cool 
the disc drive 41. In operation, the disc drive ex- 
pels about 33-35 watts of power which warms the 
air as it passes by the disc drive. The air warmed 
by the disc drive is then sucked up into the fan 31 
to be recirculated through the enclosure. 

When the disc drive is operating with the en- 
closure in ambient temperatures cooling will usu- 
ally be required. However, in some applications it 
may be necessary to pre-warm the interior of the 
enclosure 10 before the disc drive can be started. 
For this purpose, the heat pump 14 also includes a 
100 watt cartridge heater 103 which is embedded 
in the central portion of the cold side fins 91 . 

The element 73 and cartridge heater 103 are 
controlled by the temperature sensors TS-1 and 
TS-2. The sensors TS-1 and TS-2 sense the tem- 
perature of and around the disc drive housing to 
open or close a circuit connected to the element 73 
and heater 103. In the preferred embodiment, TS-1 



and TS-2 are bimetal-type switches. 

Sensor TS-1 controls the element 73. Below 
about 40* C (104* F) the sensor TS-1 will be open 
so that the element 73 will be off. However, neither 

5 TS-1 nor TS-2 controls the fans 31 and 98, which 
are normally on. As the temperature within the 
enclosure 10 rises past about 40* C (104* F), due 
for example to the heat generated by operating the 
disc drive, sensor TS-1 will close to turn the ele- 

70. ment 73 on to begin cooling the interior of the 
enclosure 10. There is a differential of about 11 " C 
(20* F) between the temperature at which the sen- 
sor TS-1 closes and the temperature at which it 
opens. The element 73 will therefore continue to 

is cool the interior of the enclosure 10 until TS-1 
senses a temperature of about 29* C (84* F). 

Sensor TS-2 controls the heater 103, Above 
about 22 'C (72° F), sensor TS-2 is open so that 
the heater 102 is off. As the temperature falls 

20 below about 22* C, TS-2 is closed so that the 
heater 103 will heat the interior of the enclosure 
103. As the temperature rises past about 22* C 
(72* F), TS-2 will open to shut off the heater 103. 
With a normal ambient temperature, the tempera- 

25 ture in the enclosure 10 will continue to rise due to 
the heat generated by the disc drive until the 
element 73 turns on to cool the enclosure. How- 
ever, if after the cartridge heater turns off the 
temperature in the enclosure falls, the cartridge 

30 heater would not turn back on until somewhat be- 
low about 22* C due to the differential of TS-2. The 
differential of TS-2 in the preferred embodiment is 
about 3° C (6° F) so that the heater 103 would turn 
back on at about 19° C (66* F). 

35 Another pair of temperature sensors TS-3 and 
TS-4 are mounted on the right side of the disc 
drive housing as best shown in Fig. 5. The sensors 
TS-3 and TS-4 set upper and lower limits on the 
operating temperature of the disc drive 41. If the 

40 sensed temperature is too high or too low, the disc 
drive motor will automatically be turned off by the 
sensors TS-3 and and TS-4. Like TS-1 and TS-2, 
TS-3 and TS-4 are bimetal switches in the pre- 
ferred embodiment. 

45 Sensor TS-3 determines the upper limit of the 
range of acceptable operating temperatures for the 
disc drive 41 . As the temperature sensed by TS-3 
rises past about 55 *C (131 * F), TS-3 opens there- 
by cutting off power to the disc drive motor. Sensor 

so TS-3 will not close to resume power to the disc 
drive motor until it senses a temperature of about 
52 *C (125° F) due to its differential of about 3*C 
(6*F). 

Sensor TS-4 determines the lower limit of the 
55 range of acceptable operating temperatures for the 
disc drive 41. Below about 15* C (59* F), sensor 
TS-4 will be open to shut off the power to the disc 
drive motor. As the temperature in the enclosure 



6 



11 



EP 0 210 497 B1 



12 



rises past about 15°C, TS-4 closes to provide 
power to the disc drive motor. If for some reason 
the temperature would then start to fall, TS-4's 
differential of about 3* C (6° F) would not allow it to 
re-open until the temperature reached about 12 C 
(53* F). 

In summary of the temperature control means, 
below about 15° C (59* F), no power is provided to 
the disc drive motor but the cartridge heater 103 is 
operating to heat the enclosure. At about 15* C, 
TS-4 closes to provide power to the disc drive 
motor so that both the disc drive and the cartridge 
heater 103 are generating heat to raise the tem- 
perature of the enclosure. When the temperature 
reaches about 22 "C (72 * F), TS-2 opens to shut 
the cartridge heater 103 off. The disc drive 41 
continues to operate thereby generating heat to 
raise the temperature of the enclosure. When the 
temperature reaches about 40 "C (104* F), TS-1 
closes to turn the element 73 on to reduce the 
temperature inside the enclosure. If the tempera- 
ture continues to rise, when it reaches about 55 * C 
(131 * F), TS-3 opens to turn the disc drive off. 

However, even if the temperature inside the 
enclosure is acceptable, condensation can form on 
the disc or head which results in damage to the 
disc drive or read/write errors. To prevent con- 
densation, the humidistat 33 monitors the relative 
humidity in the enclosure 10. The humidistat 33 
opens to turn the entire temperature control system 
including the fans 31 and 98 off if the relative 
humidity rises above about 80%. Note that it does 
not turn off the disc drive 41 . It does not because 
the heat generated by the disc drive reduces the 
relative humidity in the immediate vicinity of the 
disc drive. This heat is particularly effective to 
reduce the relative humidity in the vicinity of the 
disc drive when the environmental control system 
is not operating as the heat then tends to con- 
centrate around the disc drive, thereby lowering the 
relative humidity in that vicinity. Unless the tem- 
perature of the disc drive rises above about 50* C 
(122* F) so that the sensor TS-3 shuts it off, the 
heat generated by the disc drive will eventually 
lower the relative humidity throughout the interior of 
the enclosure and the humidistat will close to re- 
sume power to the environment control system. 
The humidistat 33 used in the preferred embodi- 
ment was of the type having a nylon element to 
expand and contract to operate a switch. 

A schematic diagram of a circuit 105 to control 
the temperature and humidity as described above 
is shown in Fig. 14. 115 volt line power is admitted 
to the enclosure 10 by the power cable 20. A 
circuit breaker 106 should be provided, which is 
connected between one node of the humidistat 33 
and line power. The fans 31 and 98 are connected 
in parallel between ground and the other node of 



the humidistat 33. Also connected in parallel be- 
tween ground and the other node of the humidistat 
33 are TS-1 , the etement 73 and an LED indicator 
108 connected in series, and TS-2, the heater 103 
5 and an LED indicator 109, connected in series. The 
LED indicators 108 and 109 are mounted along the 
front of the enclosure in the bank 24 to indicate 
when the element 73 and heater 103, respectively, 
are on. 

70 Fig. 15 illustrates a schematic view of a circuit 
for the out of range temperature control of the disc 
drive 41 . A disc drive power supply outside of the 
enclosure 10 converts line power into 12 VDC and 
5 VDC power for the disc drive motor and the disc 

75 drive digital circuitry, respectively. The 12 and 5 
VDC power lines are introduced into the enclosure 
10 by one of the cables 18 and 19 and the 5 VDC 
is connected directly to a 5 VDC input terminal of 
the disc drive. The sensors TS-3 and TS-4 are 

20 connected in series between the 12 VDC input 
terminal of the disc drive 41 and the 12 VDC power 
supply, with the disc drive and power supply suit- 
ably grounded. An LED indicator 111 may also be 
provided in the bank 24 to indicate when the tem- 

25 perature is in the operating range. Note that it may 
be desirable to provide other LED indicators in the 
bank 24 such as one to indicate when the 
read/write head is actuating. 

All openings in the chassis 12 are sealed to 

30 prevent air leakage into or out of the enclosure 10. 
A neoprene gasket 113 resides between the door 
16 and an angle flange 115 which circumscribes 
and is welded to the chassis 12 (Fig. 5). Other 
neoprene gaskets or sealing means (not shown) 

35 seal the openings for the cables 18, 19 and 20, and 
the holes for the fasteners 28 of the baffle plate 27. 
Therefore, the interior of the enclosure is com- 
pletely sealed from any air exchange with the out- 
side environment so that the air which is trapped 

40 within the enclosure 10 when it is assembled re- 
mains in the enclosure 10. The humidity of the air 
that is trapped within the enclosure 10 may be 
controlled by placing a suitable dessicant within the 
enclosure 10. 

45 The disc drive isolation system fully described 
above enables a disc drive to operate in an indus- 
trial environment. The system can be adapted to 
protect almost any disc drive from shocks and 
vibrations which it may otherwise be subjected to 

so in the industrial environment. It also provides a 
temperature and humidity controlled chamber for 
the disc drive which is extremely reliable. There- 
fore, operation of a disc drive in an industrial envi- 
ronment is no longer dependent upon the tempera- 

55 ture, humidity, cleanliness or vibration and shock 
characteristics of the industrial environment 

Various modifications and variations to the pre- 
ferred embodiment will be apparent to those skilled 
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in the art which will still embody the invention. For 
example, the invention is not limited to being used 
with a Winchester technology disc drive, although 
that type of disc drive is advantageous for its large 
memory capacity. s 

Claims 

1. An environment control enclosure having a 
closed interior, an exterior, a cooling means w 
mounted to the enclosure for cooling the inte- 
rior of the enclosure when the temperature in 

the enclosure exceeds a certain temperature, 
and first temperature sensing means (TS-1) for 
sensing a temperature within the enclosure 1& 
and controlling the cooling means (14) in re- 
sponse thereto, said first temperature sensing 
means (TS-1) actuating the cooling means (14) 
when the sensed temperature rises above a 
cooling temperature, characterized in that: 20 
said enclosure (10) is for a disc drive isolation 
system in which a disc drive isolation module 
(36) is disposed for sequestering a disc drive 
(41) from vibration and shock applied to the 
module (36); said cooling means (14) includes 25 
a solid state thermo-electric element (73) for 
cooling the interior of the enclosure in and 
around the disc drive (41); and said enclosure 
(10) includes: 

second temperature sensing means (TS-3, TS- 30 
4) for sensing one or more temperatures within 
the enclosure and controlling the disc drive, 
said second temperature sensing means set- 
ting an upper limit and a lower limit on the 
range of temperatures within which the disc 35 
drive will operate, said upper limit being higher 
and said lower limit being lower than the cool- 
ing temperature; thermal insulation means (26) 
to resist heat flow to and from the interior of 
the enclosure; sealing means to seal the inte- 40 
rior from the exterior of the enclosure to limit 
air leakage; and humidity sensing means (33) 
within the interior of the enclosure to control 
the cooling means (73) and fan means (31 ,98) 
in response to the sensed humidity of the 45 
interior air. 

2. An environment control enclosure as in claim 
1, wherein the enclosure (10) further comprises 
heating means (103) for heating the air within 50 
the enclosure and third temperature sensing 
means (TS-2) for controlling the heating 
means, said third temperature sensing means 
(TS-2) actuating the heating means (103) when 

the sensed temperature falls below a heating 55 
temperature, said heating temperature being 
below the lower limit of the second tempera- 
ture sensing means (TS-3, TS-4). 



3. An environment control enclosure as in claim 1 
or 2, further comprising fan means (31) within 
the enclosure (10) for circulating air past the 
thermo-electric element (73) in response to the 
sensed humidity of the air within the enclosure. 

Revendications 

1. Enceinte de controle d'environnement, com- 
portant une zone inteVieure fermde, une zone 
exte*rieure, un dispositif de refroidissement 
monte sur cette enceinte pour refroidir l'int£- 
rieur de celle-ci lorsque la temperature qui y 
regne d^passe une certain e valeur, et un pre- 
mier dispositif de detection de temperature 
(TS-1) destine a deceler une temperature re- 
gnant dans I'enceinte et a commander le dis- 
positif de refroidissement (14) en fonction de la 
temperature, ce premier dispositif de detection 
de temperature (TS-1) actionnant le dispositif 
de refroidissement (14) lorsque la temperature 
decelee s'eleve au-dessus d'une temperature 
de refroidissement, caracterisee en ce que : 
cette enceinte (10) est prevue pour un syste- 
me d'isolement de mecanisme d'entraTnement 
de disques, dans lequel un module (36) d'iso- 
lement de mecanisme d'entraTnement de dis- 
ques est dispose de maniere a isoler un meca- 
nisme d'entraTnement de disques (41) des vi- 
brations et des chocs appliques au module 
(36); le dispositif de refroidissement susdit (14) 
comprend un element thermo6lectrique (73) a 
semhconducteurs pour refroidir I'interieur de 
I'enceinte dans le mecanisme d'entraTnement 
de disques (41) et autour de ce mecanisme; et 
I'enceinte susdite (10) comprend : un second 
dispositif de detection de temperature (TS-3, 
TS-4) destine a deceler une ou plusieurs tem- 
peratures regnant dans I'enceinte et a com- 
mander le mecanisme d'entraTnement de dis- 
ques, ce second dispositif de detection de 
temperature fixant une limite superieure et une 
limite inferieure a la gamme des temperatures 
dans les limites de laquelle le mecanisme 
d'entraTnement de disques fonctionnera, cette 
limite superieure etant plus elevee et la limite 
inferieure etant plus basse que la temperature 
de refroidissement; un dispositif d'isolement 
thermique (26) destine a resister a la circula- 
tion de chaleur vers et depuis I'interieur de 
I'enceinte; un dispositif destine a assurer 
I'etancheite pour isoler I'interieur de I'enceinte 
par rapport a I'exterieur de celle-ci en vue de 
limiter les fuites d'air; et un dispositif (33) de 
detection d'humidite* prevu a I'interieur de I'en- 
ceinte pour commander le dispositif de refroi- 
dissement (73) et un dispositif de ventilation 
(31, 98) en fonction de I'humidite decelee pour 
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I'air interieur. 

2. Enceinte de controle d'environnement suivant 
la revendication 1 , caracterisee en ce que cet- 
te enceinte (10) comprend en outre un disposi- 
tif de chauffage (103) destine a chauffer I'air 
se trouvant dans I'enceinte, et un troisieme 
dispositif de detection de temperature (TS-2) 
pour commander le dispositif de chauffage, ce 
troisieme dispositif de detection de temperatu- 
re (TS-2) actionnant le dispositif de chauffage 
(103) lorsque la temperature decelee tombe en 
dessous d'une temperature de chauffage, cette 
temperature de chauffage etant inferieure a la 
limite inferieure du second dispositif de detec- 
tion de temperature (TS-3 t TS-4). 

3. Enceinte de controle d'environnement suivant 
ia revendication 1 or 2, caracterisee en ce 
qu'elle comprend en outre un dispositif de 
ventilation (31) monte dans I'enceinte (10) en 
vue de faire circuler de Pair le long de I'el6- 
ment thermoelectrique (73) en fonction de I'hu- 
midite decelee de I'air a I'interieur de I'encein- 
te. 

Patentanspaiche 

1. Gehause gegen Umgebungseinflusse mit ei- 
nem geschtossenen Inneren, einem Au/Jeren, 
einer am Gehause angebrachten Kuhlvorrich- 
tung zum Kuhlen des Inneren des Gehauses, 
wenn die Temperatur in dem Gehause eine 
gewisse Temperatur uberschreitet, und einen 
ersten Temperaturfuhler (TS-1) zum AbfDhlen 
einer Temperatur innerhalb des Gehauses und 
zum Beeinflussen der Kuhivorrichtung (14) in 
Abhangigkeit davon, wobei der erste Tempera- 
turfuhler (TS-1) die Kuhivorrichtung (14) beta- 
tigt, wenn die abgefUhlte Temperatur Qber eine 
Kuhltemperatur ansteigt, 
dadurch gekennzeichnet, 
daJ3: das Gehause (10) ein Schutzsystem fUr 
ein Plattenantriebsgerat ist und in dem Gehau- 
se ein Schutzmodul (36) fur ein Plattenan- 
triebsgerat angeordnet ist, das ein Plattenan- 
triebsgerat (41) gegenuber Vibrationen und 
Stolen, die an dem Modul (36) angreifen, 
schutzen soil; die Kuhivorrichtung (14) ein 
thermo-elektrisches Festk5rperelement (73) 
zum Kuhlen des Inneren des Gehauses in und 
urn das Plattenantriebsgerat (41) herum ent- 
halt; und das Gehause (10) enthalt: einen 
zweiten Temperaturfuhler (TS-3, TS-4) zum 
AbfUhlen einer oder mehrerer Temperaturen 
innerhalb des Gehauses und Kontrollieren des 
Plattenantriebsgerats, wobei der zweite Tem- 
peraturfGhler eine obere Grenze und eine un- 



tere Grenze an dem Temperaturbereich vor- 
gibt, in welchem das Plattenantriebsgerat ar- 
beiten soli, und wobei die obere Grenze hoher 
und die untere Grenze niedriger als die KUhl- 

5 temperatur ist; eine Warmeisolierung (26) zum 

Behindem eines Warmeflusses in das Innere 
und aus dem Inneren des Gehauses; eine Ab- 
dichtung zum Abdichten des Inneren von dem 
AuCeren des Gehauses zum Begrenzen von 

w Leckluft; und einen FeuchtigkeitsfOhler (33) im 
Inneren des Gehauses zum Beeinflussen der 
Kuhivorrichtung (73) und eines Lufters (31 ; 98) 
in Abhangigkeit von der abgefuhlten Feuchtig- 
keit der Inneniuft. 

75 

2. Gehause gegen Umgebungseinflusse nach An- 
spruch 1, bei dem das Gehause (10) ferner 
enthalt eine Heizeinrichtung (103) zum Erwar- 
men der Luft innerhalb des Gehauses und 

20 einen dritten TemperaturfUhler (TS-2) zum Be- 
einflussen der Heizeinrichtung, wobei der dritte 
Temperaturfuhler (TS-2) die Heizeinrichtung 
(103) betatigt, wenn die abgefuhlte Temperatur 
unter eine Heiztemperatur abfallt, und wobei 

25 die Heiztemperatur unterhalb der unteren 

Grenze des zweiten TemperaturfOhlers (TS-3, 
TS-4) liegt. 

3. Geha'use gegen Umgebungseinflusse nach An- 
30 spruch 1 oder 2, ferner enthaitend einen Lufter 

(31) innerhalb des Gehauses (10) zum Zirkulie- 
ren von Luft auf das therm o-elektrische Ele- 
ment (73) in Abhangigkeit von der abgefuhlten 
Feuchtigkeit der Luft innerhalb des Gehauses. 

35 
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